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I. Executive Summary

Many improvements have been made in wastewater treatment facilities on the Piscataqua
River and throughout the Great Bay Estuary, and best management practices for stormwater
control and other potential pollution sources have become more prevalent in recent years. The
results of the present sanitary survey suggest that some areas could be classified as approved,
pending collection and similar results from adequate numbers of samples at all sites. This
approved area could include all of Little Harbor and portions of the mouth of Witch Creek and
Seavey Creek. A thorough analysis of conditions and water quality in the whole growing area
indicates that classification of the area would probably require some meteorological and seasonal-
use conditions, the latter because of the prevalence of boats during months (May, September,
October) when clamflats could otherwise be open. Relatively heavy rainfall events (>1’/48h)
appear to cause significant decreases in water quality. The proximity of the site to areas of coastal
New Hampshire where no shellfishing is presently allowed, in addition to the encouraging water
quality results, makes this a desirable site for reclassification.

II. Description of Growing Area

A. Location map showing growing area

Figure 1 shows the boundaries of the growing area in question which includes all of Little
Harbor out to Jaffrey and Frost Points at the harbor mouth, and extends south through the
mudflats at the mouths of Witch and Seavey Creeks. Berry Brook, upstream Witch Creek and the
flow from Sagamore Creek/Back Channel area west of the Rt. 1B bridge are considered potential
point sources of pollution for the purpose of this study.

B. Description of area

The growing area lies near the northernmost portion of coastal New Hampshire.

- Specifically, the area is bordered on the north by New Castle Island, to the east by Fort Stark State
Historical Site and the Atlantic Ocean, to the south by Odiorne Point State Park and the
Witch/Seavey Creek area, and to the west by the Wentworth-by-the-Sea golf course and the Back
Channel area. New Castle to the north and Rye to the south and west are the two towns bordering
the area. Water movement within the area is governed primarily by tidal currents while minor
influences are provided by the few tributaries that carry freshwater into the area. The only
ributaries in the area are Berry Brook, Witch and Seavey Creeks and the water flowing into the
harbor from the Back Channel area.

Little Harbor and the rest of the survey area constitute a small, shallow embayment with an
average depth of ~2 m, with deeper channels extending to 5 m. The deepest waters are confined to
one channel that extends from the Rt. 1B/Back Channel out to the mouth of the harbor. The mean
tidal range of the growing area is 2.4 m, ranging from 2.1 to 3.4 m. The area is subject to strong
tidal currents and vertical mixing, limiting the vertical stratification of waters throughout most of
the year. During periods of excessive freshwater runoff, partial stratification of the water column
can occur. A large portion of the area is exposed at low tide with most of the intertidal zone
consisting of mudflats and some macrophyte and rocky habitats. Extensive salt marshes exist
around the upper intertidal zones at the mouths of Seavey Creek.

Several bivalve species can be found within the growing area including blue mussels
(Mytilus edulis), soft shell clams (Mya arenaria) and a few American oysters (Crassostrea
virginica). Soft shell clam habitat is prevalent, with a harvestable area of approximately 35 acres,
but the abundance is generally low (see Appendix A). Blue mussels are dominant in many of the
low intertidal and subtidal (channel) areas in high abundance, probably constituting the dominant
standing shellfish stock in the area. .

The shorelines of the survey area are a mix of residential property, protected lands and
woodlands. Most of the land surrounding the watershed for the growing area is forested.



Agricultural use of shoreline land within the growing area is essentially nonexistent. Human
population along the growing area is moderate, with concentrated areas along the southwestern
shore around Wentworth and Pioneer Rds. in Rye, the Wentworth condominiums on the northern
shoreline, and a moderately dense area on the northeastern shoreline in New Castle. Shoreline
ownership around the growing area is typically private, with a golf course and some lands
protected or in government ownership. Two state-owned areas border the growing area. One is
Odiorne State Park, a large area which dominates the southeastern shoreline. On Jaffrey Point on
the north shore of the mouth of the harbor is Fort Stark State Historical Site.

C. History of growing area classification

The survey area has been classified as prohibited since the late 1980’s when the
Wentworth-by-the-Sea marina was expanded. The last comprehensive sanitary survey conducted
in the area took place many years ago. The water quality in Little Harbor and the Back Channel
was seriously degraded by the primary effluent from the Portsmouth wastewater treatment plant
(WWTP) prior to its being upgraded (NHFG, 1991). Since that time, the WWTP has been rebuilt
and poses only a rare threat to water quality. One remaining combined sewer overflow (CSQO) in
South Mill Pond is still of concern. Significant new construction has occurred as part of the
Wentworth-by-the-Sea marina/condominium expansion, although all septic wastes are discharged
into a sewer system and pumped to the Portsmouth WWTP. Numerous non-sewered residences in
Rye and New Castle have replaced failed septic systems and overboard discharges.

The potential for clam harvesting in the area is substantial based on the acreage of potential
clam flats. According to the NHFG (1991), there are 400 acres of clam flats in the Little Harbor
and Back Bay area, compared to 162 acres in Hampton/Seabrook Harbor and 500 acres in Great
Bay. The flats were not thought to be as productive as Hampton/Seabrook Harbor, which had an
estimated standing crop of ~8x that of the Little Harbor area. An update of the clam resources in
Little Harbor and the Seavey/Witch Creek area has been conducted as part of this project, and the
results are presented in Appendix A. In addition to significant potential habitat area, recent water
quality results determined by NHDPHS suggest that the area may be one of the most likely areas
for consideration to be re-opened (see Section V).

III. Pollution Source Survey

A. Summary of Sources and Locations

1, Map or chart showing the location of major sources of pollution

Figure 2 shows the locations of potential pollution sources to the growing area. A
discussion concerning each individual source follows in Section 2.

2, Tabl llution

Table 1 lists six actual or potential pollution sources found either directly within the
growing area or that could influence the quality of water which flow into the growing area (Figure
2). Included in Table 1 are “Relevant Sample Sites.” These are specific water quality sampling
sites that have been designated to show the effects, if any, that each pollution source listed in Table
1 has on a specific section of the growing area. Table 2 lists all of the routine sampling sites
established for the survey area. Figure 3 shows all routine sampling sites which have been
established in order to monitor water quality throughout the growing area. Sites T1, T5, T6, T8,
19, T10, and T13 are sites established by DPHS to support the routine classification of the area.
Sites T7 and T14 are routine sites reactivated this year, and WC1 and LH2 are new sites added this
year. Sites T1, T6, T13, T14 and LH2 are located in the potential growing area and sites T5, T7,
T8, T9, T10 and WCl are in areas that may influence the water quality of the growing area. Data
for all of these sites are presented in Table 3 for DPHS analyses and Table 4 for JEL analyses, and
discussed in Sections IV, V and VI.



The water quality in all tributaries have been evaluated. These include Berry Brook, Witch
and Seavey Creeks, and the Back Channel, all of which are being treated as individual point
sources of pollution. Figure 4 shows the small tributary sampling sites,; WC 2, 5and 6, PC 1, 2, 4
and 5, SC 1 and 2, and WRL1; the analytical results are presented in Table 5. All of the tributary
samples showed little contamination, with a decrease going downstream. None of these tributaries
appear to have much impact on water quality in Little Harbor, based on the results for the routine
sample sites T6 and T14 (Tables 3 and 4).

Pollution sources listed in Table 1 and below which are located on the major river
tributaries are considered to be either point or non-point sources within these tributaries. A brief
explanation of each source and its potential to contaminate the growing area is given below.

PS1, PS2 -The Wentworth-by-the-Sea marina/condominium complex has a potential for
contamination via two mechanisms: PS1-direct discharges from boats docked at the marina, and
PS2-from the stormwater drainage system around the condominiums. There are 170 slips for
boats at the marina, 4 of which are reserved for transient boats and the rest are individually
reserved. From mid- to late-May through early- to mid-October, the slips are essentially fully
utilized. The pump-out facility is a nine year old Keco vacuum system with a 1.5” pipe through
which waste is pumped to the town’s sewer system. The facility has had heavy use, and may need
to be replaced in the near future to insure that such a well-functioning facility in such a key area is
capable of handling the high demand. The marina is essentially unused during the rest of the year.
Thus, the potential for pollution from the marina is a highly seasonal factor.

Stormwater from the condominium area flows through two vegetated swales designed to
detain and decontaminate stormwater. These systems appear to receive lightly contaminated water
(see Section IT1.B.3). The marina and stormwater sources are potential direct sources.

PS3- There are ~100 boat moorings located within and to the north of the main channel
near the middle of Little Harbor. Approximately 60 of the 100 moorings are used by members of
the marina, and they all routinely use the marina pump-out facility. Some of the other boats also
use the facility. Like the marina, these moorings are used from May to October, and virtually not
at all the rest of the year. Thus, the potential for pollution from the mooring field is highly
seasonal. This source is a potential direct source.

PS4- The Wentworth-by-the-Sea golf course is an eighteen hole course that lies directly on
the southwestern shoreline of the harbor. The buildings are distant from the shoreline, but there is
fertilizer and pesticides applied to the fairways and greens (see Section I11.B.4). These apparently
have little impact on the water quality of the adjacent portions of the harbor, even though they are
considered potential direct sources.

PS5- The Portsmouth wastewater treatment plant is located on Pierces Island along the
southern portion of the Piscataqua River. The effluent discharge pipe is located in the main river
channel near to the main entrance to the Back Channel. Any malfunction in plant operation that
would lead to discharge of untreated sewage could impact the survey area via water flow through
the Back Channel. This source is considered a potential, indirect pollution source.

PS6- There is one combined sewer overflow in Portsmouth that is located in South Mill
Pond. Untreated sewage may be discharged through this source, especially during high volume
rainstorms. The concern is that contaminated water flowing out of South Mill Pond could enter
Linle Harbor via flow through the Back Channel. This source is considered a potential, indirect
pollution source.

B. Identification and evaluation of pollution sources



1, Shoreline Surv

The shoreline survey was conducted by boat at both low and high tide in August, 1995 and
May, 1996, and by foot in populated areas during April and May, 1996. Properties were surveyed
at high tide by boat to gain close access to shore for better observation. Walking along the
shoreline at low tide, any pipes located below the high water mark could be more readily observed.
Homes bordering the growing area were evaluated by looking for malfunctioning septic systems,
gray water pipes, outhouses and other potential pollution sources. All drainage streams with
flowing water were sampled and water samples analyzed.

No apparent pollution sources were observed at high tide in the boat. The areas covered by
the low tide shoreline reconnaissance included Pioneer Rd. west of the Rt. 1A bridge, Brackett Rd.
near the Berry Brook bridge, the Foyes Rd./Frontier St. area, and the Wentworth Rd. area to the
northwest of the golf course. No obvious failed septic systems, outhouses or flowing drain pipes .
were seen. Numerous ditches that drained into the tidal waters and originated in back lots and
small streams that flowed close to shoreline houses were sampled during the springtime when
water tables were elevated. These were mostly located around Pioneer Rd. as illustrated in Figure
4. The results of the water analyses (Table 5) showed little contamination was associated with
these ditches and streams, suggesting that septic systems for shoreline homes were not
contaminating the drainage streams that empty into the tidal waters.

2. _Domestic wastes »
A. Septic systems

Towns abutting the growing area with residences on septic systems are New Castle and
Rye. The most densely populated areas are New Castle Ave. (Rt. 1B) and Pioneer Rd. (Rt. 1A) in
Rye. These homes are all essentially year-round residences. The northern shore of Little Harbor
in New Castle is a moderately populated area. Research was carried out at each town hall to
obtain septic system information for each residence within S00 feet from shore (see Appendix B).
Locations of homes are given by map and lot number for each town according to the town tax
maps (also Appendix B). All homes in areas surrounding the growing area have individual septic
systems with the exception of the Wentworth condominiumns and marina which are linked to
Portsmouth’s municipal sewer system. A complex pattern of other homes in New Castle are also
linked into the Portsmouth sewer system. Soil suitability for septic tanks along the growing area
shores varies, with poorly and very poorly drained soils dominating in and around the salt marsh
area at the mouth of Seavey Creek and a freshwater marsh behind the northeast shoreline of Little
Harbor. In addition, some of the soils on land adjacent to Witch Creek and other scattered area are
also unsuitable for development/septic systems.

B. Wastewater treatment plants

There are no municipal wastewater treatment plants which discharge directly into the
growing area, although one discharges into the nearby Piscataqua River (PS5; Figure 2). Thus,
the Portsmouth WWTP may indirectly impact the growing area due to its nearby location.
Portsmouth rebuilt their entire primary plant, completed in 1992, under a DES/EPA Consent
Decree. Itis an advanced primary treatment system with sand filters, primary settling clarifiers,
and chlorination that serves essentially the entire city of Portsmouth and parts of New Castle. The
effluent discharge pipe is located approximately 300 feet off shore from Pierces Island near the
middle of the river channel. Sand filters and dechlorination were added to ensure adequate
disinfection and minimize discharge of chlorinated compounds. The Consent Decree was
terminated after the facility demonstrated twelve continuous months of meeting the bacterial limit of
70 total coliform/100 ml.

No industrial waste is processed in the plant. Design flow is for an average flow of 4.7
mgd and a hydraulic peak flow of 22 mgd. The average flow during the past year was 5.3 mgd.
The system is alarmed for both power failure and high water flow. There are 17 pump stations, all



alarmed. There are an additional 3 pump stations in New Castle. One CSO still receives untreated
wastewater, and discharges to South Mill Pond. Recent efforts have been made to upgrade sewer
lines throughout the city, including South and North Mill Ponds. Pump houses have also been
upgraded.

3, Marinas

During the period from mid-May through mid-October, the Little Harbor portion of the
study area experiences heavy recreational boating activity consisting of power and sailing vessels
of all sizes. In addition, there is a 170 slip marina and a mooring field with 100 moorings. By
mid-October, the vessel traffic is negligible and the vessel that occupy the marina slips and
moorings during the boating season are either hauled out of the water or winterized and idle at the
marina slips.

Since illegal discharge of human wastes from vessels poses a potential human health threat
for shellfishing waters, a prohibited shellfishing area must be established if the potential for illegal
discharge exists. The Wentworth Marina has a sewage pump-out facility that services all the
vessels at the marina and ~60 vessels that occupy the moorings. Their facility is easily accessible
at the fuel docks, and discharges directly to a sewage pipe that connects with Portsmouth WWTP.
Sean McKenna, the marina manager, reports that the facility is heavily used.

In determining a worst case scenario of events for establishing a prohibited zone, it is
assumed that two people would be discharging wastes per boat per day, each individual producing
2 x 109 fecal coliforms (FC). If it is assumed that all vessels at the marina discharged wastes on a
daily basis this would produce 170 x 2 x 2 x 109 or 680 x 109 FC into the waters surrounding the
marina. The total volume of water at the marina area at low tide is 8.8 x 108 liters, or 88 x 108 100
ml units. If complete mixing is assumed, the resulting concentration would be 77 FC per 100 ml.
The water within the marina slips is quite still, and mixes with channel waters after slowly moving
toward the channel on the ebb tide. All vessels discharging in one day is an unlikely scenario, just
as complete mixing of wastes with the surrounding water is unrealistic. If instead we assume the
10% or 17 vessels discharge 17 x 2 x 2 x 109 FC daily, and that the discharge mixes only with the
upper 0.5 m of the water column, the resulting concentration of the surface waters within the
marina area would be 116 FC per 100 ml. The plume would eventually mix with channel waters
and would be transported toward the Wentworth clamflat on a falling tide, and toward the triangle
flaton a rising tide. If the plume mixes with an equal volume of water as it joins the channel flow,
then water with a concentration in excess of the 14 FC/100 ml could reach the two flats, therefore
placing them in the prohibited safety zone.

The mooring field also may pose a potential risk from discharge. If it is assumed that 10%
of the moored vessels discharge each day, then 10 vessels x 2 persons x 2 x 109 FC =40 x 109
FC would be discharged into an area with a volume of 6.3 x 108 100 liter units, the resulting
plume concentration would be 66 FC/ 100 ml in the mooring area. If the plume mixes with an
equal volume of flood tide waters water with a concentration 14 FC/100 ml would be transported
in the direction of the triangle flat, and potentially the Odiomne, Seavey and Berry Brook flats. The
plume mixing with ebb tide waters would not likely impact any of the flats in the growing area.

An additional source of contamination which would be very difficult to quantify is waste
discharge from the transient boat traffic in the area. As previously mentioned, vessel traffic is very
heavy in the area from mid-May through mid-October. Numbers, sizes, and length of time vessels
spend in the area, along with estimates of waste volumes discharged, would have to be included in
the equation in order to estimate the volume of sewage discharge.

There are two potentially significant stormwater sources that could impact the water quality
of Little Harbor. One is the drainage from the new Wentworth-by-the-Sea condominium/marina



complex on the northern shoreline of the survey area, and the other is the CSO in Portsmouth (PS2
and PS6; Figure 2). Portsmouth has eliminated nine of ten CSOs, but one remains in South Mill
Pond. The concern for the Little Harbor area is that contaminants flushed into South MIIl Pond
from the CSO could flow through the Back Channel area into Little Harbor (NHDES, 1995).
Elimination of the remaining CSO would cost an estimated $10 million, as estimated by the city’s
CSO Facility Plan. Because of the high costs associated with elimination of the CSO, the City of
Portsmouth has filed for a Use Attainability (UAA) Study to reclassify the receiving waters, i.e.,
South Mill Pond. If they are successful in proving that the costs are essentially prohibitive, then
they would not be required to attain the limit of 70 total coliforms per 100 ml in South Mill Pond.
In such a case, careful attention to the potential for storm-related contamination to affect any
opened shellfish beds in Little Harbor would be necessary. It would also be difficult to open the
extensive mudflats in the Back Bay area.

The other potential source of stormwater is the drainage system of the condominium-marina
complex at Wentworth-by-the-Sea. There are two vegetated swales in that area that are designed
for control of stormwater from impervious surfaces. The major swale, located next to the marina
parking lot, has been studied as part of a joint NHDES/UNH-JEL study over the past year. Water
samples were collected during the initial 0.5 of rainfall of three storm events in 1996 at the
influent pipe and the effluent drain to determine if the swale is effectively treating stormwater.
Fecal coliform levels were relatively low in all samples, ranging from 2 to 56/100 ml (unpublished
data). It appears that the drainage swales are not receiving stormwater with any significant
contamination, and the stormwater from the Wentworth complex probably has little effect on
harbor water quality.

There are some other potential indirect sources of contamination to Little Harbor located in
Portsmouth. There are some storm and parking lot drains in the city that drain into the tidal waters,
although none that would have much impact on Little Harbor. There are also three snow dump
sites on the southern end of town, two on Pierces Island and one next to South Mill Pond.

5. Agricultural waste and golf course fertilizer applications

Agricultural use of land within the growing area has greatly declined during the past fifty
years. At present, there are no working farms along the shoreline of the growing area. However,
the Wentworth-by-the-Sea golf course (PS4; Figure 2) uses both fertilizers and pesticides. A
slow-release fertilizer (24-4-12) is applied to fairways, tees and greens in May, June and
September at annual rates ranging from 130-218 1bs/acre of nitrogen and 22-36 lbs/care
phosphorus. Roughs are not fertilized. Grass clippings are returned directly (mulched) onto
fairways. Tee and green clippings are collected and spread on the roughs. Water samples
collected at sites along the shoreline of the golf course were analyzed for dissolved inorganic
nutrients. The results (Table 6) show low concentrations of nitrogen and phosphorus, suggesting
that the fertilizers applied at the course have little impact on the water quality of the harbor.

Insecticides are not used routinely on a large scale. An integrated pest management system
is employed and pesticide application is limited to spot application to control grub infestation.
Preventative treatment for snow mold fungus is applied only to tees and greens. Heavy metal
(mercury) based compounds are not used. All materials are applied conservatively with particular
caution paid to adjacent surface waters and wetland buffer zones. Equipment used for applications
is field-rinsed, and the diluted rinse water is sprayed onto the fairways to prevent a large volume of
this water being washed into maintenance facility storm drains (Rye-Wentworth Impact.
Assessment Report, 1990).

6. Wildlife areas '

There are two areas where wildlife may be prevalent within the growing area. One is
Odiorne State Park, and the other is the extensive salt marshes of Seavey Creck and Berry Brook,
part of which is owned and managed by Odiorne State Park. Habitat areas in Little Harbor have



been mapped (Figure 5). _

Mammals living within the growing area include whitetail deer, beaver, fox, mink, otter,
muskrat, squifrels, chipmunks, rabbits, moles, voles, rats, mice, bats, shrews, weasels, skunks
and raccoons (Seacoast Science Center, 1992). Wildlife populations are not suspected to be large
enough to impact water quality, especially considering that most of the shoreline is developed. In
addition, the Little Harbor area is a seasonal stopover for many waterfowl and wading birds.
Species commonly seen or heard during one or more seasons include common loon, grebes,
cormorants,bittern, brant, Canada geese, mallard, eider, oldsquaw, scoters, common goldeneye,
bufflehead, mergansers, hawks, kestrel, plovers, killdeer, yellowlegs, willet, sandpipers,
godwits, turnstone, dunlin, snipe, gulls, terns, dovekie, owls, whip-poor-will, swift, kingfisher,
woodpeckers, flicker,flycatchers, phoebe, kingbird, swallows, jays, crows, chickadee,
nuthatches, wrens, kinglets, wheatear thrushes, robin, catbird, mockingbird, cedar waxwing,
starling, vireos, warblers, parula, warblers, redstar, yellowthroat, grosbeak, towhee, sparrows
blackbird, grackle, orioles, finches, crossbill, goldfinch, and a large variety of less common birds.
Quantitative assessments of birds, waterfow! and wildlife populations are not available so it is not
known what effect they may have on water quality in the growing area.

1. Industrial waste .

There are no industrial activities on the shores of the survey area. Small scale, light
manufacturing is practiced in Portsmouth and along the Piscataqua River, well outside of the
growing area. However, the Portsmouth Naval Shipyard, located in Kittery directly across the
river from the mouth of the Back Channel, has been the site of significant historical storage and use
of toxic contaminants. An environmental assessment of the shipyard and surrounding estuarine
habitats has shown some elevated levels of some toxic compounds in depositional areas and some
biota (USEPA/NCCOSC, 1994). Little evidence of actual toxic effects on biota was apparent.

The Coakley Landfill is located in North Hampton 6 miles up the freshwater portion of
Berry Brook. It received municipal and industrial wastes from the Portsmouth and Pease Air
Force Base area between 1972-1985. In 1983, the NHDES found groundwater and surface water
contamination with volatile organic compounds (VOCs) at numerous sites in the area (see Hughes
and Brown, 1995). The site was added to the USEPA National Priority List in 1983, ranked
number 680. The site has undergone remediation, yet YOCs are still being detected in some
locations near the landfill (1993 EPA data). This became a concern of the Town of Rye, and they
undertook a small investigation of water quality along the whole length of Berry Brook. They
sampled twice during the spring of 1995, and had samples from 9 sites along the stream, from the
Coakley Landfill to the estuary, analyzed for a wide range of contaminants (Hughes and Brown,
1995). These included 10 metals, 60 VOCs, 20 pesticides and 7 PCBs. None of the toxic organic
compounds were detected in any sample. The metals were all present at low concentrations or
undetectable. They found dissolved oxygen to be low near the landfill, but satisfactory at other
sites. Suspended solids, dissolved inorganic nitrogen and phosphorus, and fecal indicator bacteria
concentrations were all low. ‘

The Little Harbor and the Great Bay/Piscataqua River Estuary areas have been subject to
significant historical industrial contamination, and the prevalence of urban areas along the
shorelines poses potential continued nonpoint source pollution by toxic compounds. The Gulf of
Maine Council on the Marine Environment has conducted a musselwatch monitoring program,
_called Gulfwatch, at sites throughout the Gulf of Maine for the last 5 years (GOMCME, 1992;
1994; in press). Short- and long-term exposure of mussels to toxic inorganic and organic
contaminants have been determined at sites that include Little Harbor and some nearby sites like
Shapleigh Island in the Back Channel, Odiorne Point, and Clark Cove on Seavey Island (Figure
4). Contaminant concentrations in tissue samples from mussels collected at these sites are
summarized in Table 7, along with FDA “edible portion” limits. Also included are tissue
concentrations for mussels collected from the same sites as part of the Portsmouth Naval Shipyard



assessment (USEPA/NCCQOSC, 1994) during approximately the same time frame for comparison.
Sample results from Brave Boat Harbor and Hampton Harbor are also included as reference sites
where there are few or no known contamination sources. None of the tissue concentrations for
mussels from Little Harbor during 1991 and 1992 were above the FDA guideline levels. Lead and
mercury concentrations were somewhat elevated and closest to FDA guideline levels. This is
consistent with known historical contamination in the area. The metal concentrations are similar to
levels found at Shapleigh Island and Clark Cove, and somewhat higher than concentrations at the
two reference sites at Brave Boat Harbor and Hampton Harbor. For organic compounds, Little
Harbor tissue concentrations were lower than those at Shapleigh I. and Clark Cove, and higher
than those at Odiorne Pt., Hampton Harbor and Brave Boat Harbor. Overall, none of the sites
have higher levels of contaminants that would indicate close proximity to a source of
contamination. The levels at Little Harbor were somewhat higher than the ‘reference’ sites.
However, comparison of levels at those ‘reference’ sites to other sites in the Gulf of Maine covered
by Gulfwatch and by the National Status and Trends Musselwatch Project, as well as other sites
throughout the U.S (Gottholm and Turgeon, 1992) indicates that these sites are not true reference
sites because other sites have much lower levels of contaminants. Gottholm and Turgeon (1992)
found mussels from the Great Bay Estuary to have Hg and Pb levels well above the S0th percentile
level for all sites in the NS&T project. There were a number of sites from the Gulf of Maine that
also grouped higher than the 50th percentile level, essentially all of which were located in New
Hampshire and southward, i.e., nearest to the large urban population center of Boston. This
suggests that the whole area is exposed to somewhat elevated levels of contaminants, with no
contaminants present in Little Harbor at levels above critical limits.

IV. Hydrographic and Meteorological Characteristics

A. Tides: Type and circulation

The study area experiences diurnal tides. Mean tidal height is 2.4 m and ranges from 2.09
m to 3.36 m depending on celestial configuration. There is one entrance to the Harbor located
between Frost Point to the south and Jaffrey Point to the north. The channel mouth is 230 m wide,
being constricted by jetties at both the northern and southemn sides. The harbor entrance faces
southeast due to the positioning of the jetties. The primary source of freshwater discharge into the
study area is from Berrys Brook, while lesser amounts of freshwater enter the area from Witch
Creek and Seavey Creek. However, the latter two primarily drain tidal wetlands and have
relatively small watersheds. Additional freshwater can enter the study area via Sagamore Creek
and the Back Bay Area of the Piscataqua River. Sagamore Creek also primarily drains tidal
wetlands while the waters of the Back Bay are composed of mixed estuarine discharge from the
Piscataqua/Great Bay Estuary. Average water volume in the study area was calculated from
bathymetric charts to be 8.7 x 105 m3 at low tide and 19.93 x 105 m3 at high tide. Partial
stratification may occur in the study area during time of heavy rainfall and runoff. The
stratification is generally short lived, since watershed areas that drain into Little Harbor are
relatively small. Vertical profiles of temperature and salinity were measured at six stations during
ebb and flood tides in May of 1996. Rainfall and runoff during the period preceding the
measurements was greater than average, A spatial salinity gradient was found throughout all
stages of the tide on sampling days with the greatest differential of nearly 10 ppt measured at low
slack tide between the station at the Pioneer Road Bridge to the Harbor Mouth. With the exception
of the Pioneer Road Bridge station and Sheafes Point, temporal salinity changes were small
throughout the tidal cycle for all stations. Vertical profiles (Table 8) indicate that the channels are
vertically well mixed. The greatest differential in salinity (4 ppt in 4 meters) occurred at the Harbor
mouth station at the early stages of the flood tide when the denser oceanic water was flowing in at
depth and the less saline waters were still flowing out on the surface. The smallest vertical
differential occurred at the Rte 1 B Bridge channel and the Pioneer Road Bridge stations. -



Surface tidal velocity and direction was measured at six stations in the study area on both
flood and ebb tides. Stations were chosen to represent either the most important points of inflow
and outflow as well as the location of potential pollution sources. The location of velocity and
direction measurement stations appear in Figure 6 and data is presented in Table 9. Though tidal
velocity will approach zero at the time of slack ebb and flood, the values presented in Table 9
represent the minimum velocities measured during the study. Greatest current velocities were
measured at the channel under the Rte 1B bridge. Ebb velocities were slightly greater than flood
and ranged from7 to 120 cm/s with an average of 80 cm/s on the ebb and 75 cmy/s on flooding
tide. Flow in the study area appears to be dominated by this channel in addition to the net inward
and outward flow of water through the Harbor entrance.

Tidal currents at the remaining stations ranged from 2 to 55 cm/s. The average velocities
(in cm/s) were similar at the Harbor Mouth (27 Flood, 30 ebb), the center of the mooring field (20
flood, 23 ebb), Sheafes Point (19 flood, 25 ebb), and the Pioneer Road Bridge (20 flood, 28 ebb)
the Wentworth Marine fuel dock (25 flood, 30 ebb). The direction of flow in the channels
generally followed the configuration of the channels. There is a lag time of approximately 45
minutes between slack low water from the harbor mouth to the bridge at Pioneer Road.

Though not established as a measurement station, ebb current flow was measured at the
center of the boat slip area at the Wentworth Marina. The pattern of flow is generally a slow (< 8
cmy/s) outward movement of water in a direction perpendicular to the shoreline until the water mass
reaches the outside areas of the floating docks. As the water reaches the main ebb flow and mixes
with the channel waters, it the velocity increases rapidly and flows in a northeasterly direction
toward the channel mouth.

B. Rainfall: Amounts, seasonality and frequency of significant rainfalls

Listed below are monthly and yearly total inches of rainfall from January, 1993 to June,
1996. Rain gauge measurements from Durham, NH, were obtained from Dr. Barry Keim and
Robert Adams, the present and former NH State Climatologists. The frequency of rainfall events
>0.5"/48 h are noted in parentheses.

1993 1994 1995 1996

January 1.62(1) 4.88(5) 4.45(4) 2.74(2)
February 2.77(3) 1.60(1) 2.76(3) 1.59(1)
March 4.63(3) 5.46(4) 1.87(1) 2.49(4)
April 4.80(7) 2.76(2) 1.85(1) 6.64(6)
May 0.73(0) 4.02(4) 2.74Q3) 3.64(3)
June 2.44(1) 1.73(1) 1.92(1) 1.86(1)
July 1.49(1) 2.20(1) 3.79(3)

August 2.21(3) 4.05(3) 2.72(2)

September  4.19(5) 7.26(3) 2.79(3)

October 3.08(3) 0.19(0) 6.53(4)

November  3.81(4) 2.88(2) - 7.41(4)

December 5.58(3) _ 5.55(3) 2.46(2)

Yearly total  37.35(34) 42.61(29) : 41.29(31) . 18.96(17)
Yearlymean 33.11 (2.8) 355 24) 3.44 (2.6) 3.16(2.8)

Overall mean monthly rainfall: 3.34”, with 2.6 rainfall events/month >0.5”/48 h

Monthly precipitation ranged from 0.19 inches in October, 1994, to 7.41 inches in November,
1995. There were a total of 111 1-2 day rainfall events with >0.5" rain in 48 h. These events
were relatively evenly distributed during the months when shellfish could be harvested



(September-June). The sampling (29 samples) conducted for water quality monitoring by DPHS
included 1 of these 111 events and auxiliary sampling (11 samples) by JEL included 2 of the 35
such events that occurred during the study period.

C. Winds :

Winds affecting the growing area tend to come from the north and northwest in the fall and
winter months and from the southwest during spring and summer months. Northeasterly winds
are typical of storms. Wind-driven waves can greatly affect current direction and speed, especially
in the shallower areas of Little Harbor. Northeast winds tend to restrict ebb currents, holding
water in the harbor, while southwest winds restrict flood currents from flowing into some of the
southern portion of the growing area. Wind waves may influence grain-size distributions and
sediment transport within the growing area. Current velocities at the sediment surface can become
greater than tidal current velocities as a result of wind waves, especially in the shallower areas of
the growing area where overall tidal current strength tends to be low. In general, the effects of tidal
currents throughout the area may at times be significantly modified by wind-driven currents.

Wind waves that influence the bottom can also resuspend sediments, increasing turbidity
levels and particle-associated contaminants above those produced by regular tidal currents alone.
Surface sediment samples were collected from seven sites around the harbor in May, 1996 to
determine the potential for sediment-associated bacteria to influence water quality by resuspension
during wind events. The seven sites were along a transect extending from the southern upper
harbor area in Seavey Creek out through the harbor to the flat along the north shoreline near the -
mouth (S§S1-6; Figure 4). The data are presented in Table 10 and illustrated in Figure 7.
Concentrations of sediment-associated fecal coliforms and C. perfringens increased from the
Seavey Creek (SS1) flat out to the Triangle Flat (SS5 A&B) near the Rt. 1B bridge, then decreased
to the lowest levels tested in the Wentworth flat (SS6) near the harbor mouth. Levels of fecal
coliforms ranged from 3/100 g dry sediment at the Wentworth Flat to 218/100 g at the Triangle
Flat. Whereas these levels are relatively low, their spatial distribution suggests that recent fecal-
borne bacteria accumulate in the sediments, especially around the Triangle Flat. The C.
perfringens data illustrate long-term accumulation of fecal-borne bacteria. The concentrations
ranged from 1990/100 g at the Wentworth Flat to 318,000/100 g at the Triangle Flat. The
relationship between fecal coliform and C. perfringens levels was relatively close, with a
correlation coefficient of r2=0.74 (P=0.06). The similar spatial pattern for concentrations of both
indicators supports the observation that fecal-borne contaminants apparently accumulate in the
sediments, especially around the Triangle Flat.

Significant wind events coupled with the right currents could cause resuspension of the
sediments at depositional areas like Triangle Flat and result in elevated contaminants in the water
column of other parts of the survey area, with potential contamination of shellfish. The
relationship between fecal coliforms in sediments and in soft shell clams was determined at five of
the seven sites, using the May, 1996 sediment data and clam tissue data from August/September,
1995 (Table 10). Figure 8 shows the relative concentrations of fecal coliforms along a transect of
sites from Seavey Creek to Wentworth Flat near the mouth of the harbor. The relative levels of
fecal coliforms in shellfish are higher than in the sediment, reflected in the different y-axis units in
Figure 8. The spatial trends for both media are similar, illustrated by the significant correlation
coefficient for paired fecal coliform data of 12=0.95 (P=0.01). This suggests that the Triangle Flat
area is an area where fecal-borne bacteria accumulate and can be taken up by clams in the
sediments. It is not known if the clam tissue levels are influenced by sediment-associated bacteria
or if the bacteria are taken directly from elevated levels in the water column in the Triangle Flat area
and accumulated. However, relatively low levels of FC have been detected in water from the
channel under the bridge, suggesting that either uptake from the water column is not the
mechanism, that there is no relationship in FC levels between clam tissue and water, or that water
sampling was timed such that elevated levels of FC were not detected. The clams were sampled on
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days that had followed dry weather, suggesting that elevated levels were not associated with
stormwater during recent rainfall events. Blue mussels from near the Rt. 1B bridge across the
channel from the Triangle Flat also had relatively elevated levels (3000/100 g) of fecal coliforms
(Table 10). However, they were sampled on 8/7/95 following 2.42” of rainfall during the
previous 4 days. Even though the FC in water in the channel on that day were low (20/100 ml), it
is likely that the elevated levels in the epibenthic mussels may have been caused by contaminants in
stormwater that had accumulated during the previous days.

D. River Discharges: Volumes and seasonality

There are no major tributaries that empty into Little Harbor. The largest tributary is Berry
Brook in Rye, which flows into the Harbor on the southern boundary along with the smaller
Seavey and Witch Creeks. Sagamore Creek is an extensive tidal creek that flows into the Back
Channel area just to the west of the Rt. 1B bridge. Most of the non-oceanic water that flows into
Little Harbor enters through the channel below the Rt. 1 bridge, so Sagamore Creek could
potentially influence water quality in the Harbor. All of these tributaries exhibit increased flow in
the springtime with snowmelt and the elevated water table conditions associated with the frequent
spring rains that occur.

E. Actual or Potential Effects of Transport on Pollution to the Harvest Area

With the recent upgrading of the Portsmouth WWTP, there is only one remaining
significant potential point sources of fecal contamination in coastal NH (NHDES, 1994). This is
the CSO in Portsmouth that discharges to South Mill Pond which outlets to the Piscataqua River.-
When significant rainfall events occur, the CSO can overflow and untreated sewage combined with
stormwater can potentially contaminate the Back Channel area, which could influence water quality
in Little Harbor. The conditions for this to happen have not been studied, so the potential for
contamination of the area being classified in Little Harbor by contaminants from the CSO is
hypothetical at present. :

Nonpoint source pollution is probably the major source of fecal contamination to the
classified area. Nonpoint source pollution could enter the area as either urban runoff, stormwater,
shoreline development, on-site septic systems, wildlife, boats, or golf course runoff. Stream flow
from tributaries entering the area carries some of the annual precipitation to the tidal waters. The
less saline water of the tributaries is well mixed within the water column and diluted upon entering
the respective harbor and tidal tributaries. Figure 9 shows levels of FC in water along three
transects from three areas with tributaries at their upper reaches. In Witch Creek and Berrys
Brook/Seavey Creek, the relatively high FC levels upstream in the tidal portion appear to have little
influence on water quality downstream. The extremely small freshwater stream at the head of
Pioneer Cove has low levels of FC, and does not contaminate downstream waters.

Elevated FC levels may result from contaminated stormwater associated with significant
rainfall events. The impact of one storm event (2.68" rain in 24 h) on November 15, 1995 on FC
concentrations in the classified area can be seen in Table 2. This storm followed two other storms
>().5” rainfall during the previous week. FC values were significantly elevated throughout the
area, ranging from 105/100 ml at the mouth of the harbor to 3350/100 ml in Witch Creek. The
next highest levels were found in the other tributaries, including Seavey Creek, Berry Brook and
the Back Channel water entering under the bridge. Samples collected on 11/28/95 by DPHS after
only 0.47” of rain had fallen in the following 13 day period had much lower levels, ranging from
4.5/100 ml at the harbor mouth to 23/100 ml in Witch Creek. These data suggest that rainfall
events can cause elevated levels of contaminants to enter the classified area from the tributaries, and
these contaminants are eventually attenuated throughout the area during ensuing dry weather.

Transport of fecal-borne contaminants associated with freshwater in tributaries is dictated to
a large extent by tidal mixing. Tidal currents act to disperse contaminants within the growing area
by providing a well mixed water column. Since the growing area is subject to daily tidal influence,
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contaminants are continuously being flushed from the system on outgoing tides. Contaminant
travel throughout the growing area is mostly confined to the main channels with limited lateral flow
and dispersion to shoreline areas during higher tides. With each incoming tide, a volume of water
much greater than that present at low tide returns to Little Harbor from the ocean, producing
significant dilution of contaminants that may be present. Water returning to the growing area on an
incoming tide probably still contains some contamination carried out with ebb tides, which could
be significant just after low tide. Water samples were collected from four sites during two tidal
cycle studies. At the mouth of the harbor (T1), FC levels were relatively low, but highest at low
tide (Figure 10), decreasing to very low levels at mid ebb and low tides. The intermediate levels at
mid-rising tide could reflect the return water composed of a mixture of contaminants discharged out
of the harbor at low tide with contaminant-free ocean water. At Sheafes Point (T6), the channel
under the Rt. 1B bridge (T13) and at the Rt. 1A bridge (T14), FC were again highest at low tide,
with relatively lower levels at the other tidal stages (Figure 10). For all four sites, FC levels were
always highest at low tide, confirming the typical assumption that low tide is the adverse tidal
condition for water quality. No significant contaminant transport from sources other than the
tributaries was apparent from the data.

V. Water Quality Studies

A. Map of sampling stations

Figure 3 shows the sites established by the NH Division of Public Health Services in order
monitor the water quality of the growing area. Of the 11 sites, 5 are actually in the potential
growing area and 6 are in areas that may affect water quality in the area. Several sampling sites
have been added to the area since the last survey was performed in 1991. They are: T14, which
was added to give a better representation of water quality in the southern portion of the Little
Harbor; LH2, which reflects the water quality conditions around Wentworth Marina; and WCl1 and
T7, which give data for upstream portions of the two tributaries directly entering the area. Thus, 2
of the 5 sites (40%) within the growing area are new since last year. All of the additional sampling
sites fill gaps in spatial coverage and provide data necessary for classifying all of the potential clam
flats in the area.

B. Sampling plan justification

Systematic random sampling was used to obtain all water samples at low tide. Samples
were therefore obtained under both normal and adverse conditions. Other water quality studies for
other areas in coastal New Hampshire have shown differences in fecal coliform counts at high and
low tide, with low tide being the adverse tidal condition. :

C. Sample data analysis

The database for sampling sites in to the potential growing area (T1, T6, T13, T14, LH2)
and other sites in the survey area (TS5, T7, T8, T9, T10, WC1) are presented in Table 3. Included
in the table are the fecal coliform concentrations/100 ml for each station and sampling date, the
geometric mean FC concentrations, the number of samples collected and the 90th percentile score.
The site numbers may be cross referenced with Figure 3 for exact geographic location. No site has
the minimum of 30 recent samples required for data analysis for classification (NSSP, 1993). The
results of the data analysis indicate that sites T1, T13, T14, and LH2 in the survey area and T35,
T8 and T9 in the Back Channel area meet the requirements for approved classification using the
Systematic Random Sampling Program (i.e. geometric mean < 14 FC/100 ml and the 90th
percentile < 43 FC/100ml; NSSP, 1993) Site T6 at Sheafes Point in the survey area meets the
criteria for geometric mean but just misses for 90th percentile. Site T7 is a freshwater site. Sites
WCI and T10 satisfy the criteria for restricted waters. If the FC value at T6 for 11/29/94 (when
1.48” of rain fell in two days) is omitted based on a rainfall condition (see below), then the

12



calculated value for the 90th percentile would be 34.3, meeting the criteria.
VL. Interpretation of Data in Determining Area Classification

A. Meteorological and hydrographic effects on bacterial loading

The classification of the growing waters depends on the 90th percentile value calculated for
water quality data. This value assumes that intermittent pollution events are unknown and random.
One potentially identifiable and definable condition that may be a consistent cause of pollution is
rainfall-associated runoff. Table 11 shows the number of DPHS or JEL samples collected from
the proposed growing area (sites T1, T6, T13, T14, and LH2) associated with rainfall events of
>(.63” of rainfall during a 48 hour time period and samples where <0.63 inches fell. In addition,
the number of samples that had fecal coliform concentrations >43/100 ml are also noted for each
condition. Overall, there were 29 DPHS and 11 JEL sample events (40 total) for which data were
collected for one or more sites within the classified area. Of these sample dates, 2 occurred at
times where >0.63" rain fell in 48 h, both of which had samples with FC >43/100 ml. For these 2
events there were 8 water samples analyzed at the § sites, 7 of which had FC >43/100 ml. These -
events had 1.48” (11/29/94; DPHS) and 2.76” (11/15/95; JEL) of rain in 48 h. Overall, the 8
samples collected during the other 2 events had FC ranging from 33-890/100 ml, with 6 samples
having >100 FC/100 ml. Both events occurred in November when approved clam flats are
typically open. During another event where 0.63” rain fell in 48 h (8/7/95; JEL), the 1 critical site
(T13) sampled had 20 FC/100 ml. The data suggest that the more severe (>1"/48 h) storms can
significantly impact water quality in the survey area during critical periods.

The 43 FC/100 ml value was violated on 6 of the 38 dates following periods where 0-0.63'
rain fell in 48 h. There were 135 samples collected on these dates, and only 8 of these samples had
FC >43/100 ml. These data suggest that pollution events are not always associated with rainfall.
However, the frequency of samples having FC >43/100 ml (88% samples) is much greater during
rainy (>1.4”/48 h) periods than the frequency (6% samples) during drier (0-0.63” rain/48h)
periods. For both rainy events, every water sample had FC >30/100 ml, suggesting that rainy
events have widespread and consistent negative impacts on water quality.

Follow-up studies should focus on a range of storm events to better define what types of
rainfall events cause significant water quality impacts. In addition, studies should be conducted to
define how long it takes the water quality to return to safe levels of FC following polluting events.
In general, certain rainfall events appear to produce unfavorable effects on water quality that are
consistent and definable in the classified area. Events that appear to significantly impact water
quality are those that have >0.63 inches of rainfall within a 48 hour time period. Rainfall events
with 0-0.63 * rain in 48 h do not show consistent or widespread effects in the survey area.

B. Variability in the data and causes

Fecal coliform concentrations >43/100 ml are of concern because they exceed the tolerance
factor calculated to account for the inherent variation in the MPN test. This means that FC >43/100
ml should be rare (<5% of samples) in normally distributed values for water samples with a
median concentration of 14 FC/100 ml. Thus, observations of higher FC values are indicative of
intermittent environmental conditions that degrade water quality to an extent that results in a greater
level of variance in data than what would be associated with the MPN test. As previously
mentioned, there were 8 water samples collected on 6 sampling dates where FC were >43/100 ml
and rainfall was <0.63”/48 h. The calculated 6% of all water samples being >43 FC/100 ml close
to the theoretical 5% variability inherent in the MPN test. The following dlscussmn examines
potentially definable causes for data variability.

Only 2 of the 8 water samples >43 FC/100 ml, both collected on 8/3/95 at LH2 and T13
and analyzed by JEL, had FC >100/100 ml. Three of the six sampling dates with >43 FC/100 ml
occurred during summer months, and 4 of the 5 water samples collected on these dates were either
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from LH2 or T13, both near the Wentworth Marina. It is suspected that some contamination could
have come from the marina during the summer when boat use is high and clam flats would
normally be closed. Two of the remaining 3 dates had FC of 79/100 ml at T1 on 10/19/93 and
49/100 ml at LH2 on 1/30/96. The latter sample was collected on a day following a January thaw
period when the snow depth decreased from 12” to 17 in the previous 6 days. This suggests that
snowmelt could have had some influence on the water quality in the area, even though FC at T6,
T13 and T14 were <12/100 ml on the same date. The value of 79 FC/100 ml at T1 on 10/19/93
followed a 6-day period without rainfall. However, at T6 FC=33/100 ml and at T13 FC=23/100
ml. On both dates, FC at T8 in Sagamore Creek were the highest recorded by DPHS at 230
FC/100 ml, suggesting that some event from that area could have had some influence on water
quality in Little Harbor. The remaining date was 12/7/93 when FC=46/100 ml at T6. This
sampling occurred after 1.7” rainfall fell on the date 2 days prior to sampling. Other sites (T1 and
T13) sampled on 12/7/93 had FC <7/100 ml. The overall low levels of FC detected during periods
where <1.4” of rainfall had occurred in the previous 48 h suggests that random, undefined events
that produce unsatisfactory FC levels (>43/100 ml) had only mild impacts on water quality in Little
Harbor. Whereas no definable condition associated with FC >43/100 ml were apparent (other than
rainfall events of >0.63"/48h), water quality conditions during snowmelt periods in January an
early springtime should be investigated. Relatively significant rainfall events with >1 inch of
rainfall in 48 hours are a concern. Severe impacts on water quality have been documented in Great
Bay following heavy rainfall events of >4" during 48 h periods. This occurred twice during the
last six years as recorded by JEL scientists: once during Hurricane Bob in 1991 when 6.06” fell in
2 days, and once in September, 1994 after 4.22" of rain fell in 48 h. Both events caused
considerable contamination of the approved shellfish area in the Great Bay Estuary.

VII. Conclusions

A. Map showing classification

to be completed by DPHS
B. Legal description

to be completed by DPHS
C. Management plan

to be completed by DPHS
D. Recommendations for improvement of sanitary survey

In ensuing years, we recommend that sampling near the borders of the potential growing
area be expanded to include more sites at the southern boundary where there are expansive
mudflats and along transects up into Witch Creek and Berry Brook to provide for more exact
classification relative to upstream contamination. A more detailed survey could also be expanded
into the extensive mudflat areas of Back Channel area out to the Piscataqua River. Obviously, the
influence of stormwater and runoff from the CSO and other sources in Portsmouth would need to
be thoroughly assessed. In addition, the eastern shoreline of the Back Channel, the Boatswain Hill
area in New Castle, has relatively dense houses with septic systems built typically 20-30 years
ago.

It is important to maintain a schedule that allows for frequent sampling at all routine sites.
At present, the number of samples that have been analyzed for the newer sites in the survey area -
are inadequate, i.e., there are <30 samples. Even for all of the longer-term routine sites there are
<30 samples available for classification purposes. The tolerance factor level of 43 FC/100 ml can
be violated for a few samples and the 90th percentile limit can still be met if the database includes a
significant proportion of low FC values. In other words, less frequent sampling may pose a
greater risk for a small number of high values forcing classification of approved areas to be
changed to a conditional classification. Conditional classifications require much more intensive
management and a great deal of effort to accurately define the exact condition under which areas
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need to be closed. Thus, frequent sampling in areas typically unaffected by pollution events will
most likely support the more desired approved classification.
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Hampton Harbor/NHHS UNH/JEL
Brave Boat Harbor/MEBH UNH/JEL
Odiorne Point/NHOP UNH/JEL

bed under US Rt 1 bridge on N side
bed along channel near mouth, S side
bed in cove at SE corner of point

Table 2. Sample sites used to determine water, shellfish and
sediment quality in the Little Harbor area.
Sample site Agency Location Purpose
T1 - NH DPHS mouth of Little Harbor, N breakwater classify survey area
TS NH DPHS north channel, Goat Island bridge classify survey area
T6 NH DPHS Little Harbor at Sheafe's Point classify survey area
T7 NH DPHS Berry Brook at Brackett Rd. classify survey area
T8 NH DPHS Sagamore Creek, Mike's Marina classify survey area
T9 NH DPHS Shapleigh Island bridge classify survey area
T10 NH DPHS Pierces Island bridge classify survey area
T13 NH DPHS Little Harbor bridge, US Rt. 1B classify survey area
T14 NH DPHS Seavey Creek bridge, US Rt 1A, classify survey area
LH2 NH DPHS Wentworth marina classify survey area
WC1 NH DPHS Witch Creek, upstream E of Foyes Rd. classify survey area
wC2 UNH/JEL  Witch Creek, golf course bridge tributary water
WCS5 UNH/JEL Witch Creek, downstream of bridge  tributary water
WC6 UNH/JEL  Witch Creek, mouth tributary water
PC1 UNH/JEL ditch on shore of Pioneer Cove, west  tributary water
PC2 UNH/JEL ditch on shore of Pioneer Cove, south tributary water
PC4 UNH/JEL  ditch on shore of Pioneer Cove, mouth tributary water
PC5 UNH/JEL Pioneer Cove, mouth tributary water
SC1 UNH/JEL Seavey Creek, ditch on SW shoreline  tributary water
SC2 UNH/JEL Seavey Creek, ditch on SW shoreling  tributary water
WRLI1 UNH/JEL  wetland ditch on Wild Rose Lane tributary water
SS1 UNH/JEL Seavey Creek clam flat, near mouth sediment sample
S§2 UNH/IEL Pioneer Cove mudflat, mouth sediment sample
SS3 UNH/JEL Witch Creek mudflat sediment sample
S84 UNH/JEL Sheafe's Point mudflat sediment sample
SS5A UNH/JEL Triangle clam flat, SW sediment sample
SS5B UNH/JEL - Triangle clam flat, near bridge sediment sample
SS6 UNH/JEL Wentworth flat sediment sample
Clam flat 1/CF1 UNH/JEL Qdiorne Point State Park, SW shore  clam sample
Clam flat 2/CF2 UNH/JEL Odiorne Point State Park, N shore clam sample
_Little Harbor/NHLH UNH/JEL bed near the mouth, NE shore mussel sample
Shapleigh I/NHSI UNH/JEL bed near bridge, NE shore of island mussel sample
Clark Cove/MECC UNH/JEL. bed along SW corner of cove mussel sample

mussel sample
mussel sample
mussel sample




Table 3. Fecal coliform concentrations (per 100 ml) in
water samples analyzed by NHDPHS: 1/93-6/96.
Durham rainfall
(in24h) in time
. prior to sampling
Site # TL T5 T6 T7 T8 T9 Ti0 TI3 T4 LH2 WC1| 48 24 0
Date*
3293 1.8 2 2 1.8 78 001 0 O
4/6P3| 31 68 68 17 68 49 78 006 0 0
5493 2 2 7.8 45 2 4 13 0 0 0
6/893] 23 18 33 17 13 17 21 047 0 O
71693 2 18 64 17 33 33 70 0 0 0
914093 18 78 45 11 17 49 2 0 0 o0
10/1993] 79 68 33 230 2 17 23 004 0 O
12/793] 68 22 46 13 22 23 45 .7 0 0
11194 13 49 17 0o 0 0
4/504] 18 18 45 1.8 2 130 78 0 023 0
6/71P4] 68 18 21 48 11 78 18 0 0 0
7/19/94] 1.8 2 23 33 18 49 4 0 0 0
8/16/94f 18 18 2 2 1.8 49 68 0 0 033
90004 45 78 17 26 110 33 13 077 0 0
10/18/94] 14 2 1.8 78 23 13 0 0 0
11/2994] 49 70 280 79 130 3500 33 0 137 0.11
6/1985( 1.8 18 - 33 6.8 46 4 0 0 0
595 4.5 2 45 2 49 17 2 0 0 0
10/17/95 330 2 46 (091 w 001
103195 1.8 78 13 130 23 11 4 2 78 2 ror ot
11/2895( 45 78 68 13 78 2 68 45 78 78 23| 0 0 001
12/1995] 1.8 18 18 11 18 18 2 1.8 2 2 10|l e o o
1/30/96 79 68 13 230 14 3 11 11 49 17 {009 O 008
212796 18 45 45 2 11 18 21 18 45 68 58| 0 0 0
3/26/96] 1.8 2 45 93 13 11 245 2 2 0 0 001
4/29/96( 1.8 2 17 17 33 95 2 78 78 790 [003 0 021
512806 1.8 18 18 45 2 45 18 18 18 18| 0 0 0
6/18/96| 4.5 45 45 11 45 45| 0 0 0
6/2506] 2 230 18 33 2 49 18 18 68 2 (018 0 01
Geometricmean 42 47 95 181 133 77 228 52 49 46 292
Std. deviation 32 31 36 49 42 41 43 29 21 27 74
n 27 26 26 10 23 25 27 25 10 11 100
#>43/100 ml 2 2 3 2 5 3 8 1 0 1 5.0
%>43/100ml 74 77 115 200 217 120 296 40 00 91 500
90th percentile  18.7 17.2 493 1279 840 503 1432 204 124 165 3805

* Samples analyzed for 6/19/95 through 11/28/95 were reported as "DES-LAB" values.
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Table 5. Fecal coliform concentrations (per 100 ml)
in tributary sites during dry periods in June, 1996.
WITCH CREEK
Witch Creck Witch Creck Witch Creek Witch Creek
upstream golf course downstream mouth
bridge from bridge

Site # wC1 WC2 WC5 WC6
Date

6/10/96 34 2 1.8 4

6/18/96 10
Geometric mean 292 2.0 1.8 40
PIONEER COVE

Pioneer Cove Pioncer Cove Pioneer Cove Pioneer Cove
ditch west ditch south ditch mouth
near mouth

Site # PC1 PC2 PC4 PC5
Date

6/10/96 2 2

6/18/96 6 0.5 2 4
Geometric mear| 3.5 1.0 2.0 40

BERRY BROOK/SEAVEY CREEK

Berry Scavey Creek Seavey Creck
Brook ditch west ditch west
downstream
Site # T7 SC1 5C2
Date
6/10/96 124
6/18/96 52 2 2
Geometric mean 2.2 2.0 2.0
WILD ROSE LANE WETLAND
Wild Rose
Lane
wetland
Site # WRLI
Date
6/10/96
6/18/96 6
6

Geometric mean



Table 6. Dissolved nitrate, ammonium and ortho-phosphate concentrations
(uM) at Little Harbor sites along the shoreline of the
Wentworth-by-the-Sea golf course: May-June, 1996.

Site Nitrate Ammonium  Phosphate

5/16/96

T6 5.87 1.82 0.41

WwWC6 3.62 6.56 0.32

PC5 3.19 293 0.49

6/10/96
T6 2
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Table 9. TIDAL CIRCULATION IN THE STUDY AREA

FLOOD TIDE CIRCULATION

Statioﬁ Direction (rﬁagnetic) Velocity Range cm/sec Avg. Velocity cm/sec
Harbor Mouth (1) 160° : 8to40 27

Center of Mooring Field (2) 80° 7 to 32 20

Marina Fuel Dock (3) 90° 6 to 40 | 25

Rte 1A Bridge (4) 165° 13-115. 75

Sheafes Point (5) | 50° 2t025 19

Pioneer Road Bridge (6) 32;;0° 7 to 30 20

EBB TIDE CIRCULATION

Station Direction (magnetic) Velocity Range cm/sec Avg. Velocity cm/sec
Harb;ar Mouth (1) 342° 7 tb 45 30

Center of Mooring Field (2) 270° 3t032 23

Marina Fuel Dock (3) 280° 6 to 55 30

Rte 1A Bridge (4) : 340° 7 to 120 80

Sheafes Point (5) 205° 5to027 25

Pioneer Road Bridge (7) 140° 7t037 28
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Table 11. Effect of rainfall events (>0.63"/48 h) on fecal coliform levels in DPHS
and JEL samples collected from the approved growing area.

SAMPLE DATES DPHS

Total Rainfall > 0.63" Rainfall 0-< 0.63"
# of sample dates 29 1 28
#>43/100 ml 5 1 4
#<43/100 mi 24 0 24

JEL

Total Rainfall > 0.63" Rainfall 0-< 0.63"
# of sample dates 1 1 10
#>43/100 ml 3 1 2
#<43/100 ml 8 1 8

Combined

Total Rainfall > 0.63" Rainfall 0-< 0.63"
# of sample dates 40 C 2 38
#>43/100 ml 8 2 6
#<43/100 ml 32 0 32
WATER SAMPLES DPHS

Total Rainfall > 0.63" Rainfall 0-< 0.63"
# of water samples 99 3 96
#>43/100 ml 7 2 5
#<43/100 ml . 92 1 91

JEL

Total Rainfall > 0.63" Rainfall 0-< (0.63"
# of water samples 44 5 39
#>43/100 ml 8 5 3
#<43/100 ml 36 0 36

Combined
¢ Total Rainfall > 0.63" Rainfall 0-< 0.63"

# of water samples 143 8 135
#>43/100 ml 15 7 8
# < 43/100 ml 128 1 127
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Figure 2. Potential pollution sources in and around the survey area.
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T Figure 5.  [jitle Harbor and
‘ Environs

HABITAT MAP

LEGEND DATA SCURCES Locus Map:
N Bald eagle wintering sites A Productive heron ‘:--_—_-‘-'-“:--...‘:-.—.-—-::*..‘5.‘&.
y B Softahell clam beds ° nesting sites T ey e et et i Sy o %, S0 Plastaqus Waterhe
' H Eelgl- beds - Cogewy ety aius  Ungubitsheod dummmmatetion, Auduian Smbvy of 1, 1996 md Comtad
HANPSHIRE . i ol Do o, o S s Wk iy
- Osprey nesting sites oo epeer, At W\
T Salt mamh + Skt vetuns  LANDMT Thamatie bapyer duin bur My 13, 1908 M.




ﬁu,uug pue SjusWAINSEIW uondaIp pue 4110094 JUALIND Jo suonedo] ay Suimoys eare Apnis ay jo depy ‘9 aInsiy

oy — g~ 4 e 2 1
O g Q\JN e A | .....i..w-\?-....u./\. \.\vm,f

qQnid He
YUOMIUIM:

1d¢d
s3)eayg T,
L

L .,J

-\I‘ll'\l.'lu

T u.ES NN
2 € //,
(MYVLS ,:_o,.: - k.. ‘
mum,_<>< m g W ¥ .\,x,_o. A
o AT ..,M.,,.E_,, 7]
N . \
0 fomLm\. zwu_.m.oiwh A o
. ;\



0¢

0s1

uIWIPas £1p 3 OO /SULIOFI0D [BI

0S¢

$3)1S J0QIEH AN

e[ 98puq-1ey] MS-1' 1’y
YUOMIUI M oifuey - oSueul 1d sayeays D YMM 133u01g 121 A3ARag

‘9661 ‘Suradg
:J0QJIBY] [T Ul SIS JUIIIJJIP WO.IJ SPUIWIPIS Ul BLIIJOR( JUI0q-[8Id °/ In3I]

00005

000001
0000sT
oOCCON
0000s<
00000¢

0000S¢

juawipas £ip 38 ((/suddurayrad *)



Juswipas £14p 8 001/DA

0¢

001

0€1

00¢

1194

S331S JoqreH o'l
1B[J YUOMIUIAA 101} 918ueury, D yaMm 1e[J J99UOI] 18 A9Aeag

Wownpes __ g

swep

'96-S661 :-10q.JBH
3T UI SIS JUIIIJJIP UIOIJ SIUIWIPIS PUE SWE[D UT SULIOJI[O0D [€II] °§ 3In31]

00s

0001

00S1

0007

00sT

anssi wep 3 001/



g 5 5
Z g Z c c ¥ G
2 & a 2 2 Z ] o 2
g = - < & =4 g 5 % o, a
I o Q o o o s ol
] I~ 3 =1 © © = 0] e% m
5 g & & 5 ] 5 S
% v o o o o o >3 = < g
@) @] ”M @] (@) @) @] (®) @] ) (@)
o — w S [\S] — (@)} W [\ —
| — . “ ﬂ_ . n _ | * : +

o =

- -—
|

‘9661 ‘ounf ui sporiad £1p Suranp Joque] (NI 0) (1) £3ABIG-DS DA0D) JIUOIJ
-d 1D YA -D M) SILIBINGLI] JO S]oasue.) SUO[E SIS J& SWIOH[0D [BII] °6 dandig

o1

0c

0¢

ov

o¢

09

iw 901/04d



:sage)s [epn juasayyip Suranp sajs Je (Ju oY J3d) SUONIEBIIUIIU0D WLI0JI[0d (8] 0T aandiy

33ms yepyy,
Lol Q@ PN »upW

oo Ry

(PLL 35) VI 1A

. ade)s ep1).
49 Qa3 P U PN

suaSutixd ) ey ——

100XUNT

SUIOJO0 (404 ——g——

(gL ams) 38praq g1 "W

T ¢¢

weor/™0

w 0gtMID

9661 ‘3urads

aBeis (opLL
Yy
P—
w - B
——
s EpIL
i 992 N
O——
—
a— T t///
//

swduupdd ) — oo —

1300005

(1L 2WS) J0qRH] 3PN JO WINO

[ ) e

00ImID



APPENDIX A
Assessment of the Clam (Mya arenaria) population in the study area

Seven potential clamflats were identified in the study area. Locations of the flats are shown
in Figure Al. Five of the seven flats were surveyed in the summer and fall of 1995, and the two
remaining flats were surveyed in the spring of 1996. Spatfall from the 1995 spawning season was
measured on the three largest flats in the spring of 1996.

Area

Estimates of the areal extent of five of the seven clamflats were made from existing maps
and field drawings. These figures are presented in Table Al. Flats range in area from 0.4 acres at
flat # 1 to 12.1 acres at flat #5. The areas presented in the table correspond to suitable clam habitat
only, and not the total intertidal area. Based on our field observations, suitable clam habitat
consists primarily of sandy substrate, as the softer, muddy intertidal areas yielded very few clams.
Total area for the five flats surveyed was estimated to be 35 acres.

Density _ :
Clam density was determined using a series of randomly placed radial transect lines. The
location of e¢ach transect was chosen from a series of grids for each clamflat using a random
numbers table. A center stake with a 10 m line attached (bearing a mark at each meter) was placed
in the center of a grid and a 1/2 m diameter circle bearing eight equidistant numbers was drawn
around the center point. Placement of the quadrat was determined by obtaining two random
numbers from the table, the first corresponding to the numbered position on the circle, the second
to the metered distance from the center point. A 1/8 m2 quadrat was then placed at the center of the
randomly chosen mark. All sediment underlying the quadrat was excavated to a depth of 30 cm
using a clam fork and all clams were removed by hand, counted and measured. Five quadrats
were run for each transect. The total number of quadrats examined was: 10 for clamflat #1; 85 for
clamflat # 2; 30 for clamflat 4; 75 for clamflat #5; and 90 for clamflat #6 ; and 50 for clamflat #7.
Clam densities range from a low of 1.6 clams /m2 on clamflat #1 to 12.5 /m2 on clamflat #4, with
a mean density of 5.1 clams/m2 (Table Al). Clamflat #3 had very an extremely low density of
clams (Table A1). The intertidal substrate in the flat was extremely soft, and was determined to be
an unsuitable substrate for Mya.

Abundance :

The estimate abundance of clams in the study area was calculated from density and areal
estimates and appears in Table Al. Total abundance was estimated at approximately 600,000
clams or roughly 530 bushels of harvestable clams.

Length frequency distributions

Length frequency distributions of the clams at four of the seven flats are shown in Figures
A2 through A6. Though there are some differences from flat to flat, most clams were > than 30
mm, with the greatest number of clams in the flats in the 40-70 mm size range. According to
established shell growth curves, most clams in these flats are > 3 years old, indicating poor
recruitment or survival of larvae and/or spat in the 1993 and 1994 seasons.

1995 Spatfall

Spatfall for the 1995 spawning season was measured on the three largest clamflats in the
study area in the spring of 1996. Though spatfall assessment in the spring would tend to
underestimate actual settlement and metamorphosis, it more accurately predicts overwintering
survival. Spat were sampled using a 10 cm coring tube. Samples were taken at four equidistant
points in the intertidal zone, extending along a line perpendicular to the water line from the upper

1



intertidal to the low tide line. These perpendicular lines were spaced 10m apart. At each sampling
point two 8 cm cores were obtained and sieved on site through a 1 mm sieve. All clams were
removed, counted and measured. Of the three flats surveyed, the greatest density of Mya arenaria
spat was found at the Seavey Creek flat, where density was 106 clams/m2. The mean size of the
clams was 4.55 mm and ranged from 2.2-8.9 mm. Spat density at the Wentworth flat was 53/m2,
while the mean size was 6.05 mm and size range 2.65-12.8. Spat density at the Odiorne flat was
low, with only 18 spat/m2. The mean size was 5.55 mm and ranged from 3.3-7.9 mm.

Spat density at the four intertidal levels was compared using ANOVA. Though fewer spat
were found in the upper intertidal cores, no significant differences were indicated by ANOVA at
any of the flats.

Spat density in the study area is relatively low compared to productive clamflats where >
1000/m2 are often found. This may be due to the low density of adults throughout the area, in
addition to high predation pressure from worms and crabs.



YV

6'8-2°2 g6 901 9¢ 89 %ea1) Aonees 9
8'21-9°2 50°9 €S 6% 0zt YuOMIUOM g
6'L-€€ €66 . Y Ll 0zl 1se3 awopQ 2
{ww) ebues 8z (WW) 8IS Uea cw/# jedsg $S910)) # Uoieoon” # Yeywe|d
ease Apris ayl ul |lepjeds G661 T V m._e,:.
0€S 289'6E9 670'Eh | 0°'G 6'¥€ oy
€L 66 L8 L1881 G9'¥ 4 %0019 sAuag L
601 ELE‘IEL 006'Ge L0°S v°9 faneag 9
28 G16'86 896'8¥ 202 12t UHOMIUBM S
Gl ¥92°291 0S6'2Z1 €521 z'e e|buey L v
elensqAns o|qeNNSUn %8810 UOIM >
gz} 201 €51 96.'vE vy 98 Ise3-awioipQ z
2 685°2 819°t 9L b0 1S9M-8U10IP0 !
ng/swey 0021 zu Zuw/#
sjaysng # aouepunqy ealy [e10)1 Ausuaq S0I0Y uoiesn # leywen

easy Apnig ay) ui aduepunqy pue Ajisuag wej) °| v 8|qel




17

1'

5

1 43

LN ;u..,ts.
-~ 4 ..—U = . .
TN BN g™ ea...o e /- %/oN .
cr / e . ‘a rg hud ) .—m_._ﬁu \.. .\//J\~ .
| 7 = P anid ueg - i A
, ¥ - 146 YUOMUIN ) .
¢t & sajeayger C
. )
i . w
8 - HOHYVH).: o
g€ \ " - ——
\ VEORne “VIIMIHMQES/%// J
0d) .... .... 9 mo,h.av 3/ A
(M¥YLS LUOL) § ey ARy
BAHIVAY m b1y % & <

LS

)



9V

(ww) SSY12 3ZIS 40 NVIN
08 L9 1544 ov L3 v L

SNV 40 H3GWNN

Z# lepjweld e swejd jo uonnquisig Asuanbeig azis ‘'z v ainbig



ww) sse|n 6218 Jo ueanw
08 .9 €S ov L2 vl L

swe) jo Jequiny

b#t 10JWe]d jB swed jo uonnquisip Asusnbaiy azig ‘g v ainbig



08

L9

€S

8V

wuw) ssejy ez|S Jo uean

oy 1 4 S L

swe|d jo JequinN

G# Jeywed 18 swejd jo uonnquisip Aousnbay 921S v v ainbi4



wi) ssey) e8z1S Jo ueonw
08 L9 €5 o L2 . i L

swejd jo lqunN

9 # 1epjwed je swed jJo uonngiisip Aouanbaiy azig g v aunbiy



oLy

(ww) SSVI0 3ZIS NVIN
08 L9 €S ov L2 v L

swejd Jo JequnN

. # 1 pjweld 1. swejd jo uonnquisip Asuanbay azis -9 v anbig



(1

€661 oldas mau Heyorlg 0§ 8AY $6 X098 Od ey 4 eueq 16-2¢
pi8l} yoes| /M 6/61 poteisul anQm naxoeig ob, uenjoeig op mmc_EESO ‘D __mbcwg 06-2¢
jooig m.>tmm mc:muhon 10| mmhm_ £661 cO:Owa:_ uommma o_awm Mou uayoeig ¢ nayorlg vt By "4 |eediy 68-22
0661 peseyoind ‘g/61 "sde "Apgns ueoeig 0t ueyoe.g 0¢ ysiem "3 pa.pI 88-22
0661 pesnssi ywied buiping ueoeig 0z uexyoelg 02 Ipjogoay] ‘| euuog 18-22
ueyoesg 9 ueyoelg 9 {I9pusp\ "d seprey) 98-2¢
10| JuedeA lsauold SiZ nayoelg ov sbuwwng ‘o [lepuem $8-22
yooig s.fi1eg bullepioq 10| luedea 100U0Id GEZ Jaauold 092 MUOWIS °r |8esiiy v8-22
6861 Ul 8snNoY meu 1aauoid 002 Jasuold 002 lyey Y vens £€8-2¢
Jasuoid 281 lsaujod 281 elelieng " sdoUsIOl] 28-¢c
S18m jo ved Jesuold ¢ e/y s¥2 xof Od "0 ISNi| pues| jealn 18-22
08-2¢
62-22
8.-22
10} JUEDRA JO SBle €12 J88UOld ¢ pY requed 01 8ky jo umo) 11-22
Jeauold 58 188U0ld S8 ‘) UOSUBQOY ‘Y Sewer 9/-22
188ucld SLL[AN'AN ‘IsB3 8oele] ed /S ulybneTop v sewer 57-22
haa)o s Aareas bulleploq saioe /g5 1g Jasuold ¢, pY esus) 04 8hy jo umo) vi-ee
%9919 s,feaeag s19pioq 1S J18suold 611 neoeig ¢ supunp “3 piaeqg £.-22
ueyoelg € nexoelg € supjunr “3 piAeQ 2L-22
heyoeig L1 neyoeig /i UBW)OH "D Uieqezi|3 12-22
10] UeseA neyoeig ¢ v EBsoly ElS0)) uebesy suuy 0.-2¢2
y8a1) sAeneeg si1apioq 2661 penoidde ondes nexoeig se uayorlg S¢ uoueg ulAeYy| 2-89-22
0861 peroiddy uoisiapgns nexoelg 1S{ WNoWsWod 0giy X089 Od sydrepy ‘H Aiejjer |-89-22
“yea1) skaneeg Buuspioq seioe g €661 peaoidde ondes neyoeiq 6¢ uevoeig 9 repusp "W yieqezii3 89-2¢
1/61 8snoy msu neyoeig s8 nexyoeig S8 sadoy "H e 19-22
vo-2¢ qum pelsy ss019| 0661 peoeidal ‘g6l ondes meu nevoeig St i|XJ uoisnoH IS pIojtily £002 1l o5 "4 uyop 99-22
nayoesg 66 ueyoelg 66 irepuey 9 uewplog §9-2¢
066t padeidal ‘ggel ondes meu neyorsg Gt nexoeig GLi| uosey "o eueiq 2 ) feuny +9-22
€661 panoidde ondes neoesg 12t uexseig iz ~ bupjneds preyod £9-22
1861 |eaoidde uoisiAlpgns nayowg el ueyde.g GEI Kiee T veqoy 29-22
10| lueoea abie neyoeig ¢ ofy ‘pY siirem 812 puUEY 'S UOUBN 19-22
0861 panoidde uoisiaipgns neyoelg sol nexoelg S9\i 1so] ) elueq 09-22
1261 panoidde uoisiAlpgns neyoeig |/} nayoeig 1t suip:elsaqg "9 1seuwsl IQ 65-22
0661 Ul ondss mau ueyoelg 181 uaxoeig 1891 sujpselseq s ejpwed 85-2¢
10| luEdeA 028c0 ekd "pH nexoesg (| 0/8€0 oAy 'p (21U8) 00E 300IqQiyd BUON L5-2¢
£l )
O4NIHIHIO O4NI OlLd3S SS3HAAV ALY3dOoHd SS3HAQY ONNIVIR JNVYN| #10T-dVWN

‘gaae £aAins ay) Suipunouins sumo) uy surdjsks d1das pue sangadoig g xipuaddy




<d

MBIA JOgIeH €5 M8{A JOqEH €5 uassnusey "g aullyd 9v-ve

MBIA I0qIeH 69 YN uojsod 1S Blels S yoqhes "3 uyor Sy-ve

i 2861 ondas meu MBIA JoqieH 69 Malp 10qEH S9 s|ineq uojaH g spuely yy-v2
2961 ondes mau MBIA JogqleH {/ MBIA JOqJeH |} HOH 7 eHuy ev-ve

MaIA JagreH /7 Ma|A 10q5eH [l 8|07 °S joe] Zr-ve

i "IQ MBIA JoqreH 6/ “1(Q MOIA 10QIeH 62 sebpeq "M Jessny \v-ve
S1AM Sbe xo8 Od "00 IsnJ| pue|s| 1ealn ov-v2

S1am Sve xo8 Od "0 Isn1] PUE|s| 1E8ID 6€-¥2

yuomiuem EiL yuomuem £l fexpen 'S INed 8€-v2

aky sve xog Od ‘00 IsnJ] pueig) lesl LE-v2

ULIOMIUSM, /| | 'SU0d 8AY SPIEYDIY LSE uosieled Y Ined 9€-ve

o efy spg xog Od 00 1SR pUels| 1eein SE-¥2
6961 P8jfelisul pjal yoes] Yuomiuap St yuomiuapy Scl P04 'gyiny vE-ve

i 9861 didas mau YUIMIUSAy 621  VIN Usqem pY eAepey O puaqeuuos "9 es|3 £E-9C
YUOMIUBAN BE L yuomiuspy 61l BUUBYOW ‘W PaJjlY cE-ve

YLOMIUBM LY | yuomuam vl Aag "y veng LE-$2

UHoOMIUBAL SEI| yinowisuod IS 81BIS 20§ 1sn11 @A0) Yooy Nds 0e-v2

yLomlUapM ¢| uyinowsuod py Jiofeq 22 150 saosuel4 62-¥¢

198115 5855010 Auadoud UYLOMIUSM 161 ylomius M 161 S3AeRID) “(] 8onug 8Z-v2
Ola ‘8i0ls ‘JUBINBISal 18UI0Y S,3A04 Jssuold 1} ‘S ‘py alowebeg g/ eyaiere)) 1 AusH £-ve).
’ v6. parcidde g pajeisul ondes mau lasuold 12 lasuold €2 umolg ‘W vaqoy 2-ve
- 1661 suolleAOUs! woaiyeq ) 189uU0id 1€ unowsuod 1S Buluioy /6 uebn(] 'S weljjim 1-$2
Ma@1]) s,Aaaeas Duliapioq 10| JUBDEA s8i0e Gp'G9 UO|SSIWLIOY) UCHEBAIBSUQD UMO] S1-€2
Was19) s AaaeeS Dulepioq 10| lueden s8i0e §0'0} UOISSILLOY) UOHEBAIBSUOD UMO] v1-€2
T T 77 0] ueoea soe £8'2 UO|SS|WOY) UONEAIBSUOY) UMO] El-£C
10| JUBDEA ssloe 8¢ UOISSIWOY) UOHBAIBSUOD UMO] 21-€2

R 10| JUEDEA saioe 0l't UOISSIWO) UONEBAIBSUOD UMO ] L4-€2]
yed olelg spues siiepm UO|SSIWOY) UONBAJBSUOD UMO| v-€¢

£664 ondas mau uexoelg 061 enysepN IS ajdue | g8 ar ovjid "0 Rejsem v01-22

9861 BSNOY mau uexoeig 081 uexoeig 08t uebnouep 'S eue €04-2¢c

6261 w ondas buluonounjep 2661 Ul poaroidde ondes meu noyorig 0s1 eky paig ueadQ 012t oijBiweubosg oouewoQ] 201-22

10| JUEDEA nayoelg ¢ “efkd 62 Xogd Od UOISILLIWIOT) UDHEAIBSUOD) 101-22

€661 peaosdde ondes neyorlg OFl|yInowsuod 8AY Ujodul] 681 llepusm ‘m Areo o01-22

- 10] JUBDEA neyoelg ¢ oAy pH slieM 812 puey 'S uoueW 66-2¢
S|0| JUBDEA ¢ uaMoelg ¢ PH [eRUBD O} 8fy jo umo] 86-22

00)-2Z /™ paIsy ssow £661 panoidde ondes ueyorig Ovl usorig Ol 10J8YdS "M UBQqoH 96-2¢

1661 N @snoy meu 1661 poaoidde ondes neYoelq 0S| YINowsUod BAY WEID 08C| Uuewjepred jalid UOA saluef 8996-2¢|

1661 panrosdde ondss neyorlg 021\ uayoeig 02} Zun ‘4 saiojoq ¥56-22

uaoeig 0Ll N J8AlS I “ir ybeueq ebice v6-22
uexoeig Q0| 8k IQ MBIA SieoyS 91 Aejsesg M 1593104 £6-22

6861 paroidde 3 |jinq ondas usxoeig 09 uexoelg 09 1e18f" "d Youepaid4 26-22




py safoq4 € Py seAod € uosdwoy| 'S ereqreg 18-v2

buipueq Aie4 piQ 21 4 10 Apeqy LELL Bl8JBARD) [ Sele 98-v27

1861 ondes meu laguotd ¢ oAy 985 Xxog Od I e Y Ayglown| S8-+2

18uol4 8 8fy gz¢ xog Od beiS " 1seulg ¥8-92

ITFEDR 8/d 1/l xog Od ¥ezuaiQ T SPUEL] €8-v2

18uolg ¢ 8AY 1Q 18N B OF ellafeAR) T [9RYDIN 28-42

sane 26'g -S19M ‘00 Isni] pueisi leeln 18-+2

: 8261 ondes mau Jenuoid G Jelluoig Gl preisbziy -} 087 08-v2

1.puoly 6 ofd s8I xog Od e|beuonon "1 eyd 6.-¥2

.nuold § 19|04 § juoweyooie(g 'y sewep 8l-¥2

1S 1enuosd | 1S d8uosd | Lemalg "D Heqly 1L-v2

pd safod 2 pd sakod 2 1BISOT T POJjIM 9/-v2

U7 IO 22 ofy 92! X0g Od Jaysi] ‘W o) SL-¥2

1661 peaoidde swisnipe euy pY eiowebeg ¢| py s1owebeg pi uEeoW uBply vi-v2

pY eiowebeg g yinowsuod v xog Od uowweds "4 usje €L-v2

g/61 panaidde ondes pY elourbeg 8Ay ¥8S xog Od uoLLLIEDS BJRqQIRg 2.-v2

$8I0e £/°/ -10| JuedeA py elowrebes ¢ UOISSILWOY) UOJIBAIBSUDD UMO]L 1i-¥2

) i yuomiue ]y /81 yuomiuem /81 Keuoiny jeBuiN 0/-V2
19211s sasso1 Auadoid yuomjuem 164 YUOMIUBM L6 SeARID) 'Y 8ong 69-v2

10| lueoeaA unomiuapy ¢ | Jeiseyouey 1S seibnoQ 218 Kyesiny ¢ punwup3 89-92

YUOMIUBM 0SL yuomuap oSt oddeig eieqieg 19-v2

- yuomuem 051 apseomeN 624 Xo8 Od uopbeig "3 eunr 99-¥2

Se1B G8'02-S18M UIIOMIUBM ¢ sve xog Od "0Q Isnij puels| 188D 59-v2
yuomiuap 901 yuomuem 901 ajuaIMeE] "D UBJAH $9-v2

sene £1'¢ -S18M YIOMIUBA ¢ afy sve xo8 Od "0 1SnJ] puEls| 1eel9 £9-v2

sane /'S -S1aM yuomiueM ¢ efy 52 x08 Od "0Q IsnJ} puels| 1eelo 29-v2

58108 //'/¥ -S1AM YUOMIUBM ¢ 8ky 52 xod Od "0Q ISnJ) pue|s| 1e8In 19-¥2

1661 Yinq 8snoy meu YUOMIUBM 12 1a1ex3 p0ve Xo8 Od KemojioH ‘1 Ined 09-v2

-puod aoedai, o1 Hwiad pansst sem YLIOMIUOM S8 YUOMIUBM S8 URWPOOM A BFeqleg 65-v2
‘ Y1IOMUBM €6 ylIoMUBM, €6 Sewoy | D plofey 85-¥2
6961 ondes mau malp 10q:eH 08 M8IA 10qIEH 08 uyybnenow 3 uegoy 15-v2

8961 ondes meu M8IA J0qeH ¥/ melp 1oqeH v.|  plejy 1eseebrepy ¢ Leqoy 95-v2

) 8961 ondes meu MBI JOQIRH 9t MBaIA J0qieH of 1edein ') ElRGIEG SS-ve
malA 10qeH O MOIA 10GJeH OF Biegpues eder vS-v2

malA JogieH vE| VW uolsog IS [elepay 091 puepmoy pempl €5-ve

661 ondes mau M8IA JogieH ¥2 okd /0¥ x0g Od SIOUEI] (BN 25-ve

o 8/61 ondes mau M8IA JoqieH ZiL VO wieyeuuy elnepuen 'q Aeulp 15-42
05-+2

MBIA JoqreH 2 MBIA JoqieH ¢ KemojjoH 89810 BUUY 6v-ve

MBIA 10Q/RH | M8|A JOgIEH | “JF MOJSUIM "3 preyoy 8¥-¥e

MBIA 10GIeH /b MBIA J0QieH [t ssOA T diiud Ly-v2




vd

M8IA 10QieH SE M8IA JogieH SE usp|y "4 piojpeig 2-9¢

Mmalp loqieH |y MOIA JoqreH LY souedzig 'H esus.ioly 1-92

0q wep eau) 1) s,feAeag slaploq 188u0ld 12€ 188U0Id |2€ NE2adIec) AB|SNOL) 8-52
B8AOQE 8y} pulyaq pue) PAIg UEBI(O B PY Jeauold ¢ UOISSILIOY) UOIIBAIBSUQD) UMO} L-S2

8AOQE Byl puiyaq pue| pAIg UEBdQ % PY lesuold ¢ UOISSIWOY) UOHEAIBSUOD) UMO] 9-G2

8UIOIPO WOJj 1981IS SSOL. pue| PAIg uesdQ ¢ HN Jo alEls G-52
aulolpO WOJj 1981s ssOIe pue| pAIg U820 ¢ HN jo elels vy-G2
8UIOIpQ WI0J) ]88NS SSOEB PUE) PAIg UBBD) ¢ HN Jo elels £-62
8uIOIPO WOJ| 1984}S SSOL0E pue| pAIg ueas) ¢ HN Jo 8eig Z-S2
8UIOIPO WOJ) 1831S SSONE pue| pAIg UBB3Q ¢ HN jo e1e1s 1-62
¥661 jo se ondes peq Jeeuold ¢, ely pH suossed 002 00l '3 uyor 8il-v2

i yoouq. s, A11eq siepioq Kuadoid uo sesnoy ¢ 188uold 92| uoibulileg 20g e ¢ WY 8218ld 'D INYuy 2Li-ve
188uold 182 Jasuold 182 noqqy "W Jnyuy 9iLl-ve

pauiuned sbuipjing Jaylo ou 1161 peaoidde ondss 188UD4 162 199uUold 162 piso|d ' uyor Sii-p2

o919 s haAaeag siapioq 188u0ld 02€ Jasuold 02 Auoyuy epswed vLl-ve

)aa1) s faaeag siaploq Jesuotd 90€ 1a8uold 90€ 1ejusdie) jj01e) 'Y eiLl-ve

aei1) s foaeas siapioq 103u0ld $0€ Ja8u0ld 0 obplLqpoopy uouepy FANS 7/

) ¥oe1) s faaeag siapioq laauold 00E lasuold 00¢ 1s8ld 'y PIOYID Li-ve
: otL-ve

“yaa1) s freas 3 19 UolM Siapioq 2661 ondes meu 188uU0ld OV2 Jasuold 0¥ Kjeren preyoly 601-v2
10 YOUM S19pIog ‘0661 Papialpqns 188uold 022 lssudld 0Z¢ BE573 "3 uesng 801-ve
) sajoe 00’/ -S19M Jaeulod ¢ ofy stz xo8 Od ‘00 1SN4) puEs| 1e8ln L01-v2
$8J0e 0Z'tl -S19M ) Jodulod ¢ akd s¥2 X0 Od 00 1SN puefs| 1easn 901-v2C

Jasuold 021 Jsauoid 021 uosebiag v Aepys S0L-ve

S8e 9¢° | -S18M 1S lsauold ¢ oy S¥z x08 Od *00 Isnl) puEB[s| ieelH $0L-¥C

sasne §5'1 -S1aM 1S lasuold ¢ ey S¥C x0@ Od ‘09 Isnd ) puels| 1ealH "€01-p2

$aloe 5£'g-S1GM IS 188uUold ¢ ey s¥Z x08 Od ‘09 1sn1L puels| 1eesn col-ve

Jesuold vS eA4 56 %08 Od UeqieH r uyor 10L-¥2

iseuold v aky /6v xog Od ejoore |y ‘'H pJ/emp3 00}-vC

sone 5£'g -S18M IS Jasuold ¢ 09 ISni] puesy ieain 66-vC

$810B 60°2¢ -SL1AM 1S Jasuold ¢ 09 I1SN1] puels| jealy 86-v2S

Buipue Aued piO ¢ oky iQ o €] 0 elaIeAB) T [9RYIIN 16-¥2

1661 Ul ¥ea1) seoyim pabpalp py sefod ¢ 14 10 Apeqy LELL epeIRAR) | Sewer 96-¥2
) 188U0Id 82 188uold 82 sejjoybury A1e ¥ epun 56-¥2
edljjo Auedwoos Ajess 188UOld 22 188U0Id 02 efeny "W Ined ¥6-vS

) l9auold 0¢ Jaauoid 0¢ efeny ‘W Ined €6-vC
188u0|d D1 PY Jeauold 71 yresy "y Aesieq Z6-¥e
10 1UedRA PH 193uold ¢ PY slieM S5€ uayisjai] "o uue|o L6-¥S

. 06-ve
““““““ eiowebes g9z py elowebes oz syreds ‘N seibnoq 68-72
] py elowebes | JW Aeuly pY ULeW v P10 "3 UBWION 88-ve




PH fiiH buds ¢

uojduweH N 2.201 xod Od isn1j Ayeey HSN 8-p#

P lijH buidg ¢ yuomiuem asole ajion IRz

PH HiH buids ;| Jeiseyouely pH 19AlH N 00E Auejedon Jieig 9-v#

PY [ Bundg ¢ YLOMUS esoje e|jion G-v#

Py liiH Buudg ¢ £qso1) usy vo-v#

PH NIH Bunds ¢ PH yuoMitam 8sose ejjon ? bunol b-v#

paumo Ljlenpiaipy; ‘s10f v uewdojeaep buisnoy S18 yuomuap c-v#
_ 8s0H PIM ¢ 1sn1) siiAydgpiemoH'4qsoi0 [T

8s0Y PiIM 9E | 8s0H PIIM 9€1 BliyM ueor 88-c4

esoy PIIM 9€} 8S0Y PlIM 9€E} yuwg 7 skpejo § g uyor ve-£4

esoY PIM ¢| LD uslie@ pY pu3 seac) ylehewsselo edojeusdzpempl L-E#

8SOH PIIM bZ1 8s0Y PlIM v ueloa] ‘H ueop S-c#

8504 PIIM 02 8S0H PliM +02 pieeg e308qeY B ¥orr v-e#

8IS [EIUOISIH WEIS 04 HN Jo e1e1S €-c#

8pls UB2JO SIO| 2 9SOH PIIM 6V || 'SUOd 8AY eydimyleg OEE sokey) - seyrey) c-€#

9pIS Ueado eue asoy piIM 62} eue 8sOY PIM 62L| (epuisH 1e:ebepy ¢ pIojID 1-c#

T Yuomiuap ¢ oz X0 Od ‘G ISNi] Puejs| 1eslo 2 # deny
1S ebpug ¢ BJISEOMBN O UMOL v-id

S1aM abpug ¢ BSEIMAN 9b2 Xog Od "09 isni| pue|s| jean N

15 8bpug 26 1S abpug 26 llagdwe) aupayiey 214

10| luedea puejs| ndwe|d HN jo elels -4 #

eiseoMaN

JS 0B/12 -S1EM ylLomiua M ¢ eAy Sz xod Od "0Q 1snJ| puels| jesls 81-92

15 S8//1 -S18M Ulomiue M ¢, oAy Sbe xog Od '0Q 1sn1| pUE|s| jE8l9 L11-92
JUomiuspm € ULOMIUBpM € SMB[) "W 8180N 91-92

yliomuuem S yLiomuepy S sbuiuuep "y eusqoy G1-92

B YuoMmiuUepA 11| UMOISHOD pY Jexed vEe uesUeH [ned vi-92
yuomiuspy 12]  yinowsuod egi Xog Od Jadie)llpg "M Inyuy £1-92

YyUoOMIUBM €2 yuomuspy €2 ensdie} “r presey 21-92

YUOMIUBM 62 % L2 YUOMUBM 62 lleH 'S eupuel] L1-9¢

ULOMIUB M, €€ ylomuem €€ ujuoID "I LEIM 01-9¢

¥661 Ul | ® builbpalp 10) ywled ¥664 Ul ondas paleoo|sl ULIOMIUBM SE ylomuem Se ajuuig "W WeIlIiM 6-92
1661 oudes meu yLoMUe M 1S ylLomuem 1§ uefig 'y [eeyoIN 8-9¢

MBI\ JoqieH § M8IA J0gqeH § Ao "0 diyd £-92

MBIA I0QIeH || MBI\ Joqren || urunser Aqo) ' ueqoy 9-92

o 861 ondes meu M3\ JoqreH /| MOIA JoqEH /] 80qs\4 ‘g veqy 5-92
MBIA JoqieH €2 MoIA l0qleH £2 ueiseuenol ebioen v-9¢

MBI\ JOQIeH 62 Asuse) ensio £-92

MaIA J0GIEH 62




9d

8pIs UESOO 8SOH PIIM S/ 8SOH PIIM S/ Ayue oW epnieg 91-G#
8pis ueado 250y PIIM 16 9SOH PIM 16 utjybneop ‘m ebicen Si-G#
8pIS UEBO0 850K PIIM 6 850y PIM 6 J1axeg ufjoren vi-G#
SUOLUWLIOY) BjISEOMBN B]ISEOMBN JO UMO| €1-G#

Yuomuap, b2 OW eacig Jeisqep| ulin ueydaiggleydaisiyd 21-G#

yuomiuapy 0€2 HUOMIUBM BEZ 18}j0Y) BSBI8Y| ¥ Sewoy] LI-G#

yromiuapm 0Se yuomiuam 0sZ| Aeiyony ereqieg g |eeydIy 0l1-S#

yuommjua 252 yuomiuap 99z|uedsy %13 ® Yisuvey 8sino 6-G#

YUoMIUBM bSe ULIOMIUBM ¥52 Aeay puod 1e08g 8-G#

ULIOMIUBM 992 yuomiuapm 99z|usdsy yu3 ¥ yieuusy esino] [-S#

UIIOMIUBM\ BSC yuomiuap 992|uedsy Y3 p yieuuay esino g-G#

YLIOMIUBM P LE yuomiuapy v1e Koy eioued g sewoy] G-G#

ylLomueps 02€ yuomiuapm 02€| il umoig ereqieg g sapey) v-G#

ylomiuapy,  DOE UIIOMIUBM, 00E usem fiay g uyor ge-G#

ylomluspy 0SE YuOMIUBM 0SE 8100 UeIpYY vE-S#

0s0Y PIIM 95| uoidwe N u] mopeapy 01 uoSUBAa BLUOQJ B Lenis 2-G#

8S0H PIIM 26 8s0Y PlIM 26 piojie 1erebiepy 1-G#

10 JUEDRA PUE|s| |[EWS S18 Yuomuspm 12-v#
PH YUOMIUBM ¢ py epseomaN|  wequme] Are § sewoy] 92-v#

P INH Bupds ¢ yuomiuspm 8s01e BfjonT] Se-vi

PH IiH bunds sy ajiseomeN eue lild §S unqqe] emiAs| ve-v#

ce-v#

PY InH Buuds g9 PY IH Bunds 89 ys|d "\ lesebrep Ze-pi

PY Jepuene] ¢ 12-v#

PH lepusae ¢ oe-v#

Py Japuaae ¢ 6L-v#

Py 18puaAe ¢ Yuomiusp es0.e7 ofiom 8l-v#

pY Jepuane ¢ YLIOMIUB A asose ejonT Li-b#

PY iepuaie ¢ 8sEOMBN gIt Xog Od| /eAmeg yypnr § Q usydelg 91-v#

pY i8pusAe] ¢ YlIOMIUB M asosen ajpon Gl-v#

pH lepusane 201 pH lapuase 20| 8s0IE] "d (9Bl vi-v#

fiiH Bunds ¢ YHOMIUB M esose] 8|jion cl-t#

jiH Buuds /6 iH Bunds e uBpuBsse4 ‘r 181sey) Zi-v#

PH liH Bunds ¢ YLOoMua M asole ejjom Li-t#

PH IH Bunds 96 PY (4 Buids 96 Kiao0g supiey ‘suod ol-v#

PH IH Bunds ¢ YLomIUB A esolen e|iom 6-v#




Appendix C:

Bacterial Indicator Concentrations in Water at Sites Around Little Harbor.

Microbiological analysis of water samples included tests for fecal coliforms, Escherichia
coli , enterococci, and Clostridium perfringens. Fecal coliforms, E. coli, enterococci and C.
perfringens were measured using standard membrane filtration methods. Water samples for fecal
coliforms and E. coli analyses were filtered on (.45 jum membrane filters and incubated on mTEC
agar media for 24 h at 44.510.2°C. Yellow colonies were counted as fecal coliforms, and those
that remained yellow after incubation on urea-soaked pads were considered E. coli. Enterococci
colonies were measured by incubating 0.45 um membrane filters on mE medium at 41°C for 48
hours. At that time, the reddish-brown colonies that caused a black precipitate to form when filters
were transferred to EIA agar were counted as enterococci. C. perfringens colonies were
enumerated by filtering water through 0.7 um filters and incubating the filters on mCP agar 24 h at
44.5+0.2°C in an anaerobic chamber under hydrogen and carbon dioxide. Large, flat, creamy,
brownish colonies were counted as C. perfringens colonies, and were confirmed by looking for a
pink-mauve color upon exposure to ammonium hydroxide fumes.

Fecal coliforms are the standard indicator for shellfish-growing waters in New Hampshire
based on recommendations by the National Shellfish Sanitation Program, E. coli is the recreational
standard for freshwater in New Hampshire and is the actual target organism of fecal coliform tests.
Enterococci is the standard indicator for the estuarine recreational waters of New Hampshire, and
C. perfringens is a spore-forming bacterial species that is an indicator of long-term fecal
contamination and is being used with increasing frequency in related studies.

The data for fecal coliforms are presented in the main text of this report. Data for the other
three bacterial indicators are presented in Tables C1-C3. The geometric means of the data for all
four indicators and all sites are shown in Figures C1 and C2. Enterococci, fecal coliforms and E.
coli exhibited similar spatial responses,, with the highest levels found upstream in Witch Creek,
relatively high levels in Berry Brook, lower levels at Seavey and Sagamore Creeks, the Little
Harbor bridge and the marina, and the lowest levels at the mouth of the harbor. C. perfringens
concentrations were relatively low, and were highest at Sheafe’s Point, which had the next to
lowest levels for the other indicators. The paired data for all four indicators were compared to
determine if different fecal indicators gave consistent indications of contamination. The results are
summarized as correlation coefficients, as follows:

EC Ec Ent Cp
Fecal coliforms (FC) - 1.000 0.974%% 0.890%* 0.071ns
E. coli (Ec) 1.000 0.952%* 0.278%
Enterococci (Ent) 1.000 0.277*
C. perfringens (Cp) 1.000

* significance probability: <0.05
** significance probability: <0.01
ns: not significant (P>0.05)

The statistical analysis suggests that there are strong relationships between fecal coliform,
enterococci and E. coli data. The relationship be C. perfringens data and both E. coli and
enterococci data are much weaker, and there is no apparent relationship between C. perfringens
and fecal coliform data. Thus, all three indicators used by the State of New Hampshire gave
similar indications of fecal contamination, both from geometric mean trends and from direct
relationships between data.
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